A rise in intracellular calcium is the primary trigger for contractile activity in pregnant human myometrium. It is hypothesized that key proteins involved in myometrial calcium homeostasis are gestationally regulated and play an important role in the preparation for labor. The aims of the study were to investigate the role of sarcoplasmic reticulum Ca ATPases (SERCAs) in regulating spontaneous contractile activity in myometrium, and to determine the expression of SERCA isoforms 2a and 2b, and the plasma membrane Ca ATPase (PMCA), at term and during labor. Western blot analysis demonstrated that the expression of SERCA 2a and 2b significantly increased in myometrium of women in labor compared with those not in labor. The augmentation of contractile activity in laboring myometrium in the presence of a SERCA 2 inhibitor, cyclopiazonic acid (CPA), demonstrated the functional significance of this observation. It is interesting that the application of CPA in the presence of a calcium-activated potassium channel inhibitor to term nonlabor myometrium mimicked the response of myometrium from women in active labor to CPA alone. We conclude that the activity of SERCA isoforms becomes increasingly important in the maintenance of regular contractile activity during labor and may compensate for the functional loss of other calcium control pathways at term. calcium, pregnancy, signal transduction, uterus
INTRODUCTION
During human pregnancy the myometrium is relatively quiescent until close to term, when it becomes more sensitive to contractile stimuli, and coordinated rhythmic contractions develop that increase in size and frequency until the initiation of labor. The precise sequence of events preceding the initiation of intense contractile activity in human labor is unknown, but it is likely to be an orchestration of many independent pathways. Challis and Lye [1] suggest that a cassette of myometrial genes that encode for agonist receptors, ion channels, and gap junctions (contraction associated proteins, CAPs) become activated. The expression of the respective CAPs then primes the myometrium to respond to uterotonic agents during labor and to develop powerful rhythmic contractions. Little attention has been paid to the possibility that alterations in proteins involved 1 Supported by Tommy's Campaign, Registered Charity 1060508. in intracellular calcium homeostasis could make an important contribution to the events that lead to the onset of labor.
The primary trigger for the initiation and maintenance of spontaneous and agonist-induced rhythmic contractions in human myometrium, in common with other smooth muscle types, is a rise in intracellular calcium [2] . An array of mechanisms in smooth muscle facilitate calcium entry across the plasma membrane (e.g., voltage-gated L-and Ttype calcium channels) and calcium release from the sarcoplasmic reticulum (SR) via inositol trisphosphate (IP 3 )-and ryanodine (RyR)-sensitive Ca 2ϩ channels. Conversely, to enable relaxation, cytosolic calcium levels are lowered by the activity of plasma membrane calcium ATPase (PMCA), sodium/calcium (Na/Ca) exchange, and SR Ca ATPases (SERCA). Two splice variants of SERCA 2, SER-CA 2a and 2b, have been described in vascular smooth muscle, although SERCA 2a is predominately found in heart and skeletal muscle [3] . Another isoform, SERCA 3, is believed to be associated with epithelial and endothelial cells [4] . The Ca 2ϩ transporters are thought to act in concert with myosin phosphatase, and the opening of K ϩ channels to affect membrane hyperpolarization and, so, to mediate muscle relaxation. Theoretically, altered expression or activity of any of the calcium regulatory proteins could be involved in the preparation of the myometrium for labor.
Little is known, however, of the gestational or hormonal modulation of Ca 2ϩ entry and release or Ca 2ϩ extrusion and sequestration in human pregnant myometrium, or the role of these pathways in regulating rhythmic contractions. In rat pregnancy, some evidence [5] suggests that altered myometrial L-type calcium channel expression during pregnancy and two studies in human myometrium [6, 7] have suggested that RyR isoforms are differentially expressed during pregnancy. There is also strong evidence for gestationally related changes in the calcium-activated large-conductance potassium (BK Ca ) current in human myometrium. The channel becomes relatively insensitive to calcium during labor, which may augment contractility [8] .
Animal investigations suggest that mechanisms involved in the removal of calcium from the cytosol may also be gestationally regulated. Taggart and Wray [9] have recently demonstrated a greater functional importance of SERCA in spontaneously contracting myometrium from pregnant rats compared with nonpregnant rats. As shown by Khan et al. [10] , this observation may be explicable on the basis of an increased myometrial mRNA expression of the SERCA 2b splice variant and protein for SERCA 2 from Day 15 of rat pregnancy to delivery. An increased role for the Na/Ca exchanger in pregnant, term rat compared with nonpregnant rat has also been reported [11] .
The concept that the activity of pathways that are responsible for removing calcium from the cytosol may increase during labor is intrinsically perplexing. However, during active labor, the maintenance of rhythmic contraction-relaxation cycles is essential to ensure adequate blood flow to the placenta and, hence, to minimize fetal hypoxia and distress and ensure expeditious delivery of the fetus. In light of this, we hypothesize that the mechanisms responsible for cytosolic calcium extrusion may play an increasingly important role in regulating contraction toward term in human pregnancy and may, indeed, compensate for the functional loss of other associated pathways (e.g., calcium-sensitive BK channels).
The aim of this study, therefore, was to determine the pattern of protein expression of key calcium-removal mechanisms, PMCA and SERCA, in human myometrium obtained from women not in labor and from women during active labor. The functional role of SERCA was also investigated in these two groups. In addition, the relative importance of SERCA and BK Ca channels to myometrial contraction-relaxation cycles was also examined in myometrium from women before labor onset.
MATERIALS AND METHODS

Subjects
Written consent was obtained to remove myometrial tissue from women during Caesarean delivery. Biopsies were taken from women at term (38-41 wk gestation) undergoing either elective nonlabor (NL; n ϭ 24) Caesarean delivery (CD) or emergency CD during active labor (AL; n ϭ 9). None of the pregnant women included in the study had underlying disease. The medical reasons for CD in the NL group was breech presentation, placenta previa, or maternal request. CD was performed on seven women in the AL group for fetal distress as determined by cardiotocograph criteria, and in two women for breech presentation. Seven of the women in the AL group presented with spontaneous labor, labor in two women was induced with prostaglandin E 2 . All women in the AL group were contracting regularly and exhibited cervical dilatation. Biopsies were performed from the midline of the upper edge of a lower segment incision and samples were immediately placed in cold physiological salt solution (PSS). Nonpregnant myometrium was obtained (n ϭ 3), with consent, from the uteri of premenopausal women who underwent hysterectomy for benign disease. Myometrial samples from all groups of women were immediately snap-frozen in liquid nitrogen and stored at Ϫ80ЊC for subsequent protein analysis. Tissues from six women in the NL group were also used immediately for primary cell culture to compare protein expression in myometrial smooth muscle cells to that of whole myometrial tissue from the same individual. Tissue from women in both NL and AL groups was also used, within 12 h, for measurement of in vitro myometrial tension development. The study was approved by the Ethics Committee of St. Thomas' Hospital, London, UK (EC94/037). Using a modified procedure of Phaneuf et al. [12] , HMSM cells were isolated from NL myometrial biopsies. Briefly, small segments of myometrium were washed in Hanks balanced salt solution and then incubated for 30-40 min in Dulbeccos modified Eagles medium (DMEM) containing 1 mg/ml collagenase 1A, 1 mg/ml collagenase XI plus 0.1% BSA, penicillin (50 units/mL), and streptomycin (50 g/mL). The cell suspension was then triturated 15-20 times through a narrow bore glass Pasteur pipette, filtered through a 45-m sterile filter, and washed twice in DMEM containing 10% fetal calf serum (FCS) by centrifugation (450 ϫ g, 5 min). The cell pellet was suspended in DMEM supplemented with 5% FCS, penicillin (25 units/ml), and streptomycin (25 g/ml). Myocytes were seeded in 500-l aliquots into a T75 plastic flask. Cells were allowed to settle for approximately 3 h, after which the flasks were flooded with an additional 4.5 ml of culture medium. The myocytes were maintained as a primary culture until confluent at 37ЊC in a humidified atmosphere of 95% air/5% CO 2 and the medium was changed every 2-3 days. Immunofluorescent labeling of cells with ␣-actin and calponin monoclonal antibodies and fluorescein isothiocyante-labeled secondary antibody was routinely performed to verify the purity of myocyte cultures.
Preparation of Microsomal Membranes From Human Myometrial Tissue and Primary Culture of HMSM Cells for Western Blot Studies
Primary cultured HMSM cells were washed with PBS. Cells were detached using a 0.25% trypsin/0.02% EDTA at 37ЊC for 5 min, centrifuged at 440 ϫ g for 5 min, and the pellets snap-frozen and stored at Ϫ70ЊC until required. All subsequent steps were carried out at 4ЊC. Preparation of microsomal membranes from both human myometrial tissue and primary cultured HMSM cells were carried out in an identical fashion. The pellet of cells or tissue biopsy (ϳ250 mg) was resuspended in 5 ml of 10 mM Hepes-KOH (pH 7) containing 1 mM dithiothreitol (DTT) and a protease inhibitor cocktail. The suspension was homogenized by three 10-sec bursts of a UltraTurrax T50 homogenizer (12 000 rpm). Sucrose was then added to the homogenate at a final concentration of 250 mM and centrifuged at 1000 ϫ g for 3 min rising to 5000 ϫ g for 10 min. The supernatant containing the microsomal membranes was collected and centrifuged at 120 000 ϫ g for 30 min. The pelleted microsomal membranes were washed in Hepes buffer without sucrose and spun again at 120 000 ϫ g for 1 h. The membrane pellet was then solubilized in Hepes buffer containing 1% (v/v) nonionic detergent (nonidetP40) by shaking for 1 h. The solubilized protein was obtained by centrifugation at 13 000 ϫ g for 10 min. Protein concentrations were determined by a detergentcompatible protein assay using BSA as a standard.
Identification of SERCA and PMCA Proteins in Tissue and Cells by Western Blot
Tissue and primary cultured HMSM cell microsomal protein preparations were initially solubilized in 2% sodium dodecyl sulphate sample buffer containing 0.9% 2-mercaptoethanol for 10 min at room temperature. Proteins (30 g/ well) were separated by SDS-PAGE on 7.5% gels. Prestained molecular weight standards (ranging from 46 to 210 M r ϫ 10 Ϫ3 ) were run in parallel. The proteins were transferred to polyvinylidene difluoride (PVDF) membranes as described by Towbin et al. [13] . All subsequent steps were carried out at room temperature. The membrane was initially blocked for 1 h with 5% nonfat dry milk in Trisbuffered saline (TBS) with 0.1% Tween-20 (TBST). The blots were then incubated for 1 h with polyclonal isoformspecific SERCA [14, 15] or monoclonal PMCA antibodies (each diluted 1:1000 in blocking buffer). Secondary antibody incubation was carried out for 1 h with horseradish peroxidase (HRP)-conjugated antibodies (diluted 1:5000). The membrane was then washed in TBST and the protein bands were visualized with enhanced chemiluminescence reagents (ECL). In initial experiments, positive controls for immunoblotting were microsomal membrane preparations of human heart for SERCA 2a and rat cerebellum for SER-CA 2b and 3. In the experiments comparing protein expression in myometrium from the NL group versus the AL group, microsomal membrane preparations isolated from myometrium from nonpregnant women (n ϭ 3) were used as positive controls. Western blot films were analyzed using the Kodak EDAS 120 system. The signal intensity value of bands (arbitrary units) was expressed as a percentage of the mean signal intensity from nonpregnant myometrium controls to allow for comparisons of values from different films.
Measurement of Tension Development in Spontaneously Contracting Human Myometrial Strips
This technique has previously been described [16] . Under a light microscope, myometrial tissue was dissected longitudinally with fiber structure into a maximum of four similar strips (approximately 10 ϫ 2 ϫ 2 mm). These were vertically mounted in a 10-ml organ bath, one end secured by cotton thread to a fixed support, the other to an isometric transducer (Linton, Diss, Norfolk, UK), maintained in PSS (37ЊC, pH 7.4 when gassed with 95% O 2 and 5% CO 2 ) and stretched to achieve 3 g of resting tension. During an equilibration period of 90-120 min, regular spontaneous contractions occurred in approximately 90% of preparations. The remainder were considered atypical and discarded. Spontaneous contractions were recorded for approximately 40 min (control period) and followed by a maximum of two further ''experimental'' periods of a similar duration. The response to SERCA inhibition by cyclopiazonic acid (CPA; 10 M) was determined in spontaneously contracting myometrial strips taken from women at term (NL) and term (AL). In a separate group of experiments, 1 M paxilline (a BK Ca channel inhibitor) was added to NL spontaneously contracting myometrial strips to determine the influence of BK Ca channels on myometrial contraction-relaxation cycles. CPA was then added to paxilline-treated strips to elucidate whether the response to SERCA was altered when the contribution of BK Ca channels to myometrial relaxation was pharmacologically ablated. Appropriate vehicle (dimethyl sulfoxide, DMSO) and time controls were performed for each of the protocols stated above.
Data Storage and Analysis
Myometrial force development was recorded and analyzed using MacLab hardware with Chart v 3.2 software (Linton, Diss, UK), as previously described by our laboratory [16] . Parameters that were measured included maximum tension development of each contraction, the contraction integral (total tension developed in each contraction), contraction duration, and contraction interval (time from the origin of one contraction to the next). The mean Ϯ SEM was calculated for each of these parameters over the control and experimental periods. Each parameter evaluated in the experimental period was expressed as a percentage of the value obtained in the control period.
Statistical Analysis
Data from Western blot and myometrium tension measurements were expressed as the mean Ϯ SEM. ANOVA with Dunnett's correction for multiple comparisons or Student's t-test were used as applicable. P ϭ 0.05 was considered significant.
Solutions and Chemicals
PSS was composed of the following (mmol/L): sodium chloride 119, sodium bicarbonate 25, glucose 5.5, potassium dihydrogen orthophosphate 1.18, magnesium sulphate 1.17, potassium chloride 4.7, calcium chloride 2.5, and EDTA 0.026 (pH 7.4 when gassed with 95% O 2 /5% CO 2 at 37ЊC). FCS was obtained from Gibco BRL (Paisley, Scotland); all culture plastics were from Marathon Lab Supplies (London, UK); protease inhibitor cocktail (COM-PLETE tablets) was from Boehringer-Mannheim Biochemical (Lewes, UK); the monoclonal PMCA antibody was from Affinity Bioreagents, Inc. (Golden, CO); HRP-conjugated (rabbit anti-mouse or goat anti-rabbit) antibodies, hybond-p PVDF membranes, hyperfilm, and the ECL reagents were all from Amersham International Plc (Little Chalfont, UK). A detergent-compatible protein assay kit and prestained molecular weight markers (ranging from 46 to 210 M r ϫ 10 Ϫ3 ) were from Bio-Rad Laboratories Ltd (Herts, UK). All other reagents and chemicals were from Sigma Chemical Company (Poole, UK).
RESULTS
Identification of SERCA Proteins in Tissues and Cells by Western Blot
The presence of SERCA 2a, 2b, and 3 in human NL myometrial tissue (n ϭ 6) was demonstrated by Western blot. In HMSM cells, however, immunoreactivity for only SERCA 2a and 2b could be detected (n ϭ 6). PMCA was also expressed both in myometrial tissue (n ϭ 6) and HMSM cells (n ϭ 6) (Fig. 1) .
Does SERCA and PMCA Protein Expression Change With the Onset of Labor? Figure 2 demonstrates expression of SERCA 2b and 2a and PMCA in myometrial tissue from NL (n ϭ 7) and AL (n ϭ 6) groups. The levels of protein expression of SERCA 2a and 2b and PMCA are significantly higher in myometrium from the AL group than in the NL group. 
Inhibition of SERCA in Spontaneously Contracting Human Myometrium In Vitro
The functional consequence of the increased SERCA 2 protein expression observed during labor was examined in spontaneously contracting myometrial strips in the AL group and compared with NL samples. Application of the SERCA inhibitor, CPA (10 M), to NL myometrium during a contraction initiated a further transient increase in tone in that contraction. Subsequent contractions exhibited a slow period of relaxation, which followed immediately after the peak contraction (Fig. 3) . This led to a significant increase in the total tension that developed per contraction (contraction integral) without a change in maximum tension development. The duration of contractions were numerically longer, but this failed to reach significance ( Table 1 ). The interval between contractions (a measure of frequency) was unaltered. The addition of a vehicle (DMSO) to control strips had no significant effect on contraction parameters in the second ''experimental'' period compared with the first period ( Table 1) onstrated a very different profile to those observed in NL myometrium. CPA induced an initial prolonged contraction, which was associated with a rise in baseline tension. Superimposed upon this were contractions of considerably shorter duration, which occurred with greater frequency (Fig. 4 , Table 1 ).
Effect of BK Ca Channel Blockade on Spontaneous Contractions Before and After CPA Application
The BK Ca channel inhibitor, paxilline (1 M), did not significantly alter any parameter of contraction in NL myometrium when compared with control strips in the presence of DMSO (Fig. 5, Table 2 ). In order to determine whether altered BK Ca channel activity could account for the different responses to CPA in the AL and NL groups, CPA (10 M) was added to the NL strips in the presence of paxilline. This led to one of two distinct responses. In 60% of the myometrial biopsies (subgroup 1), prior incubation with paxilline did not affect the subsequent response to CPA (Fig. 5A) ; however, in the remaining 40% of myometrial biopsies (subgroup 2), the combination of paxilline and CPA induced rapid contractions of reduced interval and duration (Fig. 5B) , comparable to the effect of CPA observed in the AL myometrial strips. The addition of CPA alone (i.e., without paxilline) to NL strips from the same biopsies that showed this exaggerated response did not cause this effect (Fig. 5C) . The data and statistical comparisons between the two subgroups are shown in Table 2 .
DISCUSSION
In most muscle types, SERCA isoforms play an important role in the sequestration of cytosolic calcium and, hence, in the recovery from a rise in intracellular calcium on cellular activation. The functional importance of SER-CA in the modulation of contraction has previously been demonstrated in cardiac [17] and vascular smooth muscle [18] , but to date, has not been investigated in human myometrium. Our study has clearly demonstrated the presence of functional SERCA 2 in human pregnant myometrium at term, and suggests that SERCA proteins modulate tension development.
This study also provides the first evidence to suggest that labor is associated with significant changes in mechanisms involved in calcium homeostasis in human myometrial tissue. Expression of SERCA 2a and 2b and PMCA protein was increased in labor and appeared to be of functional relevance, as evidenced by the CPA-induced rise in baseline tension and the increased frequency of contractions, which were observed in AL myometrium compared with NL myometrium.
SERCA and PMCA Expression in NL Human Myometrium
SERCA activity has been previously reported in human pregnant myometrium [19] , but no study has identified which isoforms are present. Using immunoblot, we were able to detect SERCA 2a, 2b, and 3. The nonpregnant rat uterus has been reported to express predominantly mRNA for SERCA 2b and relatively little for SERCA 3 [20] . Khan et al. [10] reported the presence of SERCA 2b protein in whole uteri from pregnant rats. In primary cultured HMSM cells, we were unable to detect SERCA 3 protein, which suggests that the signal for SERCA 3 in whole tissue may originate from the vascular endothelium, as reported previously by others in a variety of vascular beds [21] . It cannot be discounted, however, that the observed lack of SER-CA 3 protein in HMSM cells may be a feature of primary culture and investigations using immunohistochemical localization of SERCA isoforms in uterine biopsy material would be useful for clarification. PMCA protein was also detected in myometrial tissue and cells; this has not been previously reported for either human or animal myometrium.
SERCA Expression in AL Myometrium
Myometrium taken from women during AL expressed significantly higher levels of SERCA 2b and 2a protein than did myometrium from women in NL. This is the first report of gestational alterations in SERCA expression in human myometrium, although Khan et al. [10] reported a rise in uterine mRNA and protein expression of SERCA 2 during rat pregnancy. In women, the levels of SERCA 2a and 2b protein expression in the NL group were not different from the levels expressed in nonpregnant tissue, and were raised only in myometrium from women who were in active labor. These observations contrast with the changes in SERCA expression in rat uterine tissue, which began to increase from Day 15/21 (approximately 0.75 gestation) of pregnancy.
SERCA Inhibition in Spontaneously Contracting Human Myometrium
The functional role of SERCA and the consequences of increased SERCA 2 protein expression were investigated in spontaneously contracting myometrial strips in vitro. In NL myometrium, inhibition of SERCA with CPA led to an increase in total tension development during each spontaneous contraction and a prolonged initial phase of relaxation. We suggest that this delayed initial phase of relaxation indicates a role for SERCA in the removal of cytosolic calcium at the peak of the contraction-relaxation cycle. The rapid second phase of relaxation, probably mediated by hyperpolarization via activation of K ϩ channels [22] , and myosin phosphatase activity [23] , was unaltered by CPA. Previously, investigators have proposed that the SR-derived cytosolic calcium oscillations are responsible for the development and maintenance of phasic myometrial contractions, which characterize myometrial contractile activity in vitro [24] . Our data, however, showed that inhibition of SERCA did not affect the frequency of spontaneous contractions in NL human myometrium and suggests that Ca 2ϩ release from CPA-sensitive SR calcium stores is not important for the modulation of phasic activity in human term (nonlaboring) myometrium.
SERCA inhibition led to very different responses in myometrium from women in active labor. CPA induced a slight rise in basal tone, upon which more frequent contractions of shorter duration were superimposed. This suggests that in labor, SERCA may be more abundant, more active, or both, and play a greater role in the regulation of frequency and duration of spontaneous contractions. This conclusion is strongly supported by the data showing increased expression of SERCA 2a and 2b in AL myometrium than in NL myometrium.
Inhibition of SERCA by CPA can initiate three separate but interrelated effects, and the experiments in spontaneously contracting myometrium cannot conclusively determine which of these, or all, play a dominant role. First, CPA will abolish sequestration of cytosolic calcium into the SR. Second, inhibition of SERCA with CPA will also result in a rapid, uncompensated ''leak'' of Ca 2ϩ from the CPA-sensitive SR store; and third, SR calcium store depletion can stimulate capacitative calcium entry, thereby increasing calcium availability for contraction and potentially prolonging contraction. We assume that the initial large contraction induced by CPA in both NL and AL myometrium reflects the ''leak'' of calcium from the SR, and that subsequent alterations in contractility result from both the inhibition of calcium sequestration by SERCA 2 from the cytosol and the activation of capacitative calcium entry. The differences in response to SERCA inhibition in NL myometrium compared with AL myometrium suggest that one or both of these mechanisms are up-regulated in labor in association with the up-regulation of SERCA 2a and 2b protein expression. Increased calcium sensitivity of contractile filaments in AL myometrium could also theoretically contribute to the enhanced contractile activity observed during SERCA inhibition.
The only other reports of the contribution of SERCA to the regulation of myometrial contractility have been performed in muscle from nonpregnant [9, 25, 26] and pregnant rats [9] . It is interesting that the CPA response observed in spontaneously contracting human NL tissue resembled the responses reported in nonpregnant rat myometrium, and that CPA-induced changes in human AL myometrium contractions resembled those of term, NL pregnant rat [9] . These differences may be related to the observation that an increase in SERCA 2 expression occurs much earlier during rat pregnancy, whereas in pregnant women, SERCA expression seems to increase only during labor.
PMCA Expression in AL Myometrium
The onset of labor was also associated with an increase in PMCA. In rat aortic smooth muscle cells, the PMCA gene is coinduced with SERCA 2b, and it has been sug-gested that the regulatory link may relate to the degree of loading of the SR calcium store [27] . This may provide an explanation for the simultaneous elevation in protein expression of all the Ca ATPases, SERCA 2a and 2b, and PMCA during labor. Ideally, we would have investigated the functional response to PMCA inhibition in human myometrium; unfortunately, the specific inhibitor, carboxyeosin, is no longer commercially available.
What Is the Stimulus for Increased Ca ATPase Expression?
It could be hypothesized that the endocrine or autocrine milieu of pregnancy may modulate Ca ATPase expression or activity, but there is little evidence to support this suggestion. Thyroid hormone increases mRNA and protein expression for SERCA 2 in baboon and rat heart tissue and cells [28] [29] [30] [31] , and SERCA 2b and PMCA gene expression is up-regulated by epidermal growth factor and down-regulated by transforming growth factor-␤ [27] in rat aortic smooth muscle cells. There is, however, no evidence for regulation by estrogen or progesterone.
Another putative modulator of Ca ATPase gene expression is the intracellular calcium concentration itself [27] . The stimulus for increased Ca ATPase protein in laboring myometrium may therefore be a rise in basal cytosolic calcium, resulting from altered activity of another Ca 2ϩ regulatory pathway. There is some evidence for altered RyR channel expression in pregnant human myometrium [6, 7] but the impact on intracellular calcium regulation is unknown. The most convincing evidence for gestational alteration in any calcium control pathways comes from the electrophysiological studies of Khan et al. [8] , which reported a reduction in the sensitivity of BK Ca channels to calcium during active labor.
Pharmacological inhibition of BK Ca channels with paxilline did not significantly alter spontaneous contractions in NL myometrium, suggesting that these channels do not directly participate in the control of contraction in vitro. This contrasts with another study that showed that iberiotoxin, another BK Ca channel inhibitor, initiates contractile activity in quiescent pregnant human myometrium [32] but is similar to the report by Parkington et al. [33] that reported no effect of iberiotoxin on prostaglandin-induced contractions in nonlaboring pregnant human myometrium. In spontaneously contracting pregnant rat myometrium, iberiotoxin slightly augments contraction amplitude without causing a change in contraction frequency [9] . Taken together, it is unlikely that these channels play a predominant role in the control of tone in nonlaboring myometrium.
Studies in vascular smooth muscle suggest an intimate relationship between BK Ca activation and the degree of calcium loading in the SR [34] . It is proposed that the opening of BK Ca channels (and subsequent membrane hyperpolarization) is activated by directional release of calcium from the SR toward the plasma membrane, and that this acts as a feedback by which a 'full' SR calcium store regulates calcium influx and reduces muscle contractility. Depletion of calcium stores by CPA inhibition of SERCA could potentially inhibit this feedback and increase contractility. This would occur only in the presence of functional BK Ca . In labor, when BK channels are reported to be insensitive to calcium [8] , a different response might be anticipated, and was indeed, observed.
The role of BK Ca in laboring tissue was further investigated by experimentally mimicking the hypothetical state in labor by the inhibition of BK Ca in myometrial strips from women who were not in labor. In 40% of the NL paxillinetreated myometrial strips the subsequent addition of CPA induced similar contractile profiles to those seen in AL myometrium in the absence of paxilline. This strongly indicates that in the absence of functional BK Ca channels, there is an increased role for SERCA in modulating contractions in this subgroup of nonlaboring women. It is possible that this subset of women may be closer to labor than the paxilline-insensitive subgroup, and that an increase in SERCA expression immediately precedes labor. In support of this, the median gestation of the paxilline-sensitive subgroup of women was numerically greater than the paxillineinsensitive group, but this did not achieve significance. We cannot rule out, however, the possibility that another component of Ca 2ϩ homeostasis is enhanced prior to labor (such as L-type calcium channel activity, calcium sensitivity, or capacitative calcium entry) and that, in the absence of active BK Ca channels, the role of SERCA in regulating cytosolic calcium becomes relatively more important than in the earlier weeks of gestation.
The up-regulation of SERCA 2a and 2b during labor may seem paradoxical in view of the expectation that pathways of relaxation would be suppressed prior to and at the onset of labor. However, increased expression of these proteins may be essential to ensure maintenance of rhythmic contraction-relaxation cycles of the uterus muscle and to protect the fetus from hypoxia during the peripartum period. Indeed, mechanisms of relaxation should be considered equally as important as those of contraction in the adaptation and preparation of the myometrium for labor. As discussed earlier, some pathways involved in mediating uterine relaxation (e.g., BK Ca channels) seem to be functionally impaired prior to labor, and the increase in SERCA protein could be compensation for this. In addition, increased SER-CA activity may also lead to enhanced accumulation of calcium within IP 3 SR stores, so that contractile responses to uterotonins such as oxytocin will be augmented in labor.
In summary, therefore, we have provided the first evidence for gestationally regulated changes in mechanisms of calcium homeostasis in human myometrium. SERCA protein expression is increased in myometrium from laboring women at term and coincides with an increased role for SERCA in modulating contractile activity.
